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= (54) Title: SURGICAL SYSTEM AND METHOD FOR CUTTING AND COAGULATION 




OS 
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(57) Abstract: A surgical instrument comprises at least two elongate hollow tubes (14, 15), having apertures (1 8) at the distal end 
portion. The inner tube (14) is disposed within the other tube (15) and is mounted for rotation about its longitudinal axis. A cutting 
tool (4) is located at the distal end of the tube (14), and is positioned adjacent to the apertures (18). A motor (5) is provided for rotating 
the inner tube (14), and the inner tube (14) has a central lumen (2 1) through which tissue cut by the cutting tool (4) is removed under 
the action of a source of suction (12). Heat is supplied to the tissue, prior to, or simultaneously with, the cutting thereof, such that 
the tissue being cut by the cutting tool (4) is coagulated tissue. In one embodiment, there is a third tube (16), and saline is fed to the 
apertures (1 8) via a channel ( 19) between the tubes (15 and 1 6). The outer tube (16) constitutes an active electrode, and the inner tube 
(14) constitutes the return electrode of an electrosurgical device. A radio frequency signal, supplied to the electrosurgical device, 
causes tissue to be coagulated prior to being cut by the cutting tool (4) resulting in smaller pieces of cut tissue which are easier to 
remove through the lumen (21). 
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SURGICAL SYSTEM AND METHOD FOR CUTTING AND COAGULATION 

This invention relates to a surgical system, and to a method for removing tissue 
from a target site on or within a patient's body. In a preferred construction, the 
uwenuon relates to an electrosurgical system and method that can use e ,ectrical and 
mechanical energy to treat tissue. 



Known mechanic*, ^ ^ ^ ^ ^ ^ 

m*d foe cumng W , ^ ^ ^ ^ ^ ^ fc 

Known eletdrosurgica, tostanncnB include monopolar and bipolar device 

^^^^^^^^^^^^ 
detace opemdng in cmfcg or ^ M mode) , md aen , ^ . 

to coagulate tissue in order to stencil bleeding. 

It is toown to use . surgical inanunen. whi ch includes a mechanical element 
such as a ronsry shaver or hurr, and an elecWgica, instmment such as . monopolar 
or hrpohr devic* A known instrument of this type is described in US patent 
590468,, widchdescAsanin^enthavhagasbaver or burr rota«y 
mounted add* on onto s,eeve, ariabipo.arelech™^ device mounted a, the end 
of me outer stave and adjacent* « ^ ^ ^ ^ 

~ve,orbmrac te „„ s „«„ rkarfW ,orho M . The eleetrosmg,*, device M 
be used to out or cauterise tissue as an alternative ,„ feu^offte shaver „ r burr. 

Odre, devices which use a cumbmation of Cecdo^ca, aud mechanic*, 
energy are described in US 552733,, US 6159209, US 62,400. and W097/33523 US 
552733, describes a pros** ^ ^ 

30 whrch is ajao CecbMy active so ma, me device con resect tissue either by 
envenhona, oudmg or by Cecdocautery. US 6,59209 describes a am* ending 
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blade which is used to cut, coagulate and vaporise prostate and bladder tissue, whilst 
allowing most of the excised tissue to be retrieved for histological examination. US 
6214001 describes another example of a rotating cutting blade which is electrically 
active. W097/33523 describes an electrosurgical rotating cutting device in which the 
5 rotating blade is supplied with radio frequency energy to create a high-energy arc 
discharge to assist with the incision of tissue. 

The disadvantage of each of these prior art instruments is that tissue debris 
created by the device cannot easily be removed from the vicinity of the surgical site via 
10 the sleeve interior by the source of suction provided. The aim of the present invention 
is to provide an apparatus in which tissue debris may be more easily and effectively 
removed from a surgical site with less tendency for the device to become blocked by 
tissue. 

1 5 Accordingly, the invention resides in an electrosurgical system comprising; 

a) a surgical instrument including a fluid supply means for supplying a fluid 
to a target site, a heating device capable of heating the conductive fluid so as to 
coagulate tissue at the target site, a mechanical cutting device capable of cutting 
coagulated tissue at the target site into relatively small pieces, and suction means for 

20 removing tissue cut by the cutting device from the target site; 

b) power generating means for providing power to the heating device; 

c) drive means for the cutting device; and 

d) a controller for the power generating means and the drive means, the 
controller controlling the power generating means and the drive means such that tissue 

25 at the target site is coagulated by the fluid heated by the heating device prior to being 
cut by the cutting device. 

It has been found that, by coagulating the tissue to be removed before cutting 
it, the pieces produced by the cutting action are generally smaller in size and easier to 
30 remove from the target site. Where the removal is carried out via a suction tube, there 
is less tendency for the tube to become blocked by the pieces of cut tissue. 
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*"*-*.*»i«-i-* l . ( « 1Woilplhtl „ to 

The cutting „, fc nssue „ ^ _ 

*_< typically a rotatab,e cmfcr. Omer of ^ ^ ^ 

The invention further resides m „ ^ ^ 

to a J, ;^ h ^' i " CWta8aM ' 1 ^^fe=upPl«.< I n i d 
* a ^e. st* a heating davit* csp* of heating the conductive fluid so as to 
.5 c.gutae haane at the tasge, site, a mechamcal cumng device capable of cnrting 
coagulated W a, the ^ , te to reIaUvely ^ ^ ^ 

removtng nasue cut by the cutting device ion. the target tale; 

") ^'effl^-togmeansfcprevidingpowerBftctatingdcvice; 
o) means for the cutting device; and 

d) a conboller for the po„* genemting means ^ „ ^ 
«*r conbolhng the po wer ^ ^ ^ 

Itrr a ^ " ^ ^ * fc '"*« d ^°< <° 

cut by the cutting device. 8 

25 Conveniently, the fluid is an eiacMc^nducnve fluid, and is haaW by . 

2^ ^ apphed ^ ^ ^ ^ / 

electrosurgical system comprising; 

a) a surgical instamten. including a fluid supply means fo , supp ,^ , 
«■**•«- 'O a target sit, an elecuosmgica, device oapabli of hl7me 
30 eondnenve flutd so as to coagufcte Issue a, me ^ site , . ^ £ 
capable of cumng ooagma.d Issue a, the target * kt0 reWvely _ ^ md 
.uenonmennsforren^vmgWcmbyfl^cnnlngdeviceflomme^.ite. 
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b) power generating means for providing a high frequency voltage to the 
electrosurgical device; 

c) drive means for the cutting device; and 

d) a controller for the power generating means and the drive means, the 
5 controller actuating the power generating means simultaneously with the drive means 

such that tissue at the target site is coagulated by the fluid heated by the electrosurgical 
device prior to being cut by the cutting device. 

Conveniently, the electrosurgical device is a bipolar electrosurgical device 
1 0 including at least one active electrode, at least one return electrode and an insulator for 
spacing and insulating the or each return electrode with respect to the or each active 
electrode. The electrosurgical instrument heats the conductive fluid, typically saline, 
supplied to the target site, and the heated fluid causes tissue at the target site to 
coagulate prior to being cut 

15 

The cutting device is preferably a rotatable cutting element, conveniently 
mounted on a hollow elongate cylindrical member. The hollow member typically acts 
as a lumen for the suction means to allow small pieces of tissue cut by the cutting 
element to be evacuated from the target site. As stated earlier, the prior coagulation of 
20 the tissue ensures that the cut tissue is relatively small in diameter. In particular, the 
prior coagulation of the tissue means that the maximum size of the resulting pieces of 
tissue is reduced, and the number of relatively large particles produced is much less 
than the number produced by the cutting of uncoagulated tissue. 

25 The hollow member is preferably housed for rotation within a second hollow 

cylindrical member, with corresponding apertures at the distal ends thereof in order to 
allow the rotating cutting element to contact the coagulated tissue. Preferably, at least 
one electrical contact is provided in the form of a commutator brush contact, for 
supplying electrosurgical signals to the hollow cylindrical member as it is being rotated. 

30 Alternatively, at least one electrical contact is provided in the form of a fluid contact, 
adapted to supply electrosurgical signals directly to the electrically conductive fluid. 
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In a preferred arrangement, a third elongate cylindrieal member is provided the 
second -d third members defining a hrmen therebetween for the fluid supply means 
Conducive fluid is supplied to the target site between the second and third cylindrical' 
members, and heated in order to coagulate tissue at the target site. Where the fluid is 
heated by a bipolar electrosurgical device, the third cylindrical member conveniently 

«i«i-rt,d^ - 4 lto . I11B|i ^ 4Uii-hii 

compnse the return electrode. Typically, the second cylindrical member is provided 

w^anelectncally-msmatmgcoatmg^ 

and return electrodes. 
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When a radio fe,^ signal fa ^ ^ ^ ^ 

™ lhro " e " ^ **' " ^ - — -mbe, at 

to to*, aad teaof, cauAg fa ronduclive add „ be ^ 

M Md lis it contact « to fa. a, to ^ a site, ^ Mnses MaguMm of at 
cast to snatoe ^ of fc ^ ^ fc ^ dM ^ 

the suction means. 

20 reference to the drawings, in which:- 

Figure 1 is a diagram of , ^ ^ ^ 

instrument in accordance with the invention; 

Figure 2 is a side view, partly in section, of the distal end of a surgical 
instrument constructed in accordance with the invention; 
25 Figure 3a is a photograph of tissue particles produced from the instrument of 

Figure 2, the particles being cut without pre-coagulation; 

Figure 3b is a photograph of tissue particles produced from the instrument of 
Figure 2, the particles being cut following ^-coagulation, and 

Figures 4 to 6 are schematic sectional side views of alternative embodiment, of 
30 surgrcal instrument in accordance with the present invention. 
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Referring to the drawings, Figure 1 shows an electrosurgical system which 
includes a controller/generator 1 and a handpiece 2 having a detachable surgical probe 
shown generally at 3. The probe 3 includes both a rotatable cutting element 4, driven 
by a motor shown schematically at 5 within the handpiece 2, and a bipolar 
5 electrosurgical device to be described in more detail later. Power signals for both the 
motor 5 and the electrosurgical device are supplied to the handpiece 2 from an output 
socket 6 on the generator 1, via a connector cord 7. Activation of the 
controller/generator 1 may be performed by means of a footswitch 8, coupled to the 
controller/generator by means of a connector cord 9. An inlet port 10 allows saline to 
1 0 be fed from a saline source 1 1 to the distal end of the probe 3 . A source of suction 1 2 is 
also provided, coupled to the handpiece 2 by a cord 13. 

Figure 2 shows the distal end of the surgical probe 3 which is basically 
constituted by three hollow cylindrical tubes 14, 15 and 16. The outer tubes 15 and 16 

15 are mounted at their proximal ends on a stationary hub 17 which constitutes the distal 
portion of the handpiece 2. Each of the tubes 1 5 and 1 6 has an aperture 1 8 at the distal 
end thereof. The tubes 15 and 16 are coaxial and define a channel 19 therebetween. 
The channel 19 communicates with the apertures 18 at its distal end, and the inlet port 
10 at its proximal end, thereby providing a saline feed channel from the saline source 

20 1 1 via the port 10 to the distal end of the probe 3. 

The inner tube 14 is mounted for rotation within the middle tube 15, via a 
rotatable hub 20 which is driven by the motor 5. The inner tube 14 carries the cutting 
element 4 at its distal end, the cutting element being accessed through the apertures 18 

25 in the tubes 15 and 16. The inner tube 14 also defines a central lumen 21 which is 
connected through the hub 20 to the suction source 12. The three tubes 14, 15 and 16 
are made of an electrically-conducting material such as metal, but the middle tube 15 is 
provided with a coating 22 of electrically-insulating material such as PFTE on its outer 
surface. This coating 22 serves to insulate electrically the inner tube 14 from the outer 

30 tube 16. The tubes 15 and 16 are provided with respective connections 23 and 24, so 
that radio frequency signals from the controller/generator 1 can be supplied thereto. In 
this way, the outer tube 16 acts as the active electrode of the electrosurgical device, and 
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the middle tube 15 and the inner tube 14 jointly act as the return electrode, the tubes 15 
and 16 being in intimate electrical contact one with the other. In this way the 
connection 23 can be made to the stationary tube 15, and the need for a commutator 
connection to rotatable tube 14 is avoided. Tie insulating coating 22 on the outside of 
5 the middle tube 15 serves to prevent shorting between the active outer tube 16 and the 
tubes 14 and 15. 

The surgical instrument described above is intended for ENT surgery that is to 
say for operations within the mouth or throat It will be appreciated, however, that the 

10 surreal instrument could be used at any surgical site located within the body of a 
pauent where surgery is to be performed, including arthroscopic use, i.e. on joints such 
as shoulders or knees. Moreover, the surgical instrument is primarily intended for use 
wrth an endoscope which allows a surgeon to view a surgical site, m such a case the 
surreal instrument is inserted through a first incision, and the endoscope is inserted 

15 through a seoond incision. The distal ends of both the endoscope and the surgical 
instrument are positioned adjacent to the surgical site, and the surgeon can view the 
surgical site on a monitor attached to the endoscope. 

In use, once the endoscope and surgical instrument have been positioned 
20 adjacent to the surgical site, saline is fed from the source 11 via the inlet port 10 me 
i channel 19, and the apertures 18 to the surgical site. The surgeon depresses the 
footswuch 8 to send a signal to the controller/generator 1 so that a radio frequency 
current is supplied to the handpiece 2. The radio frequency signal is provided via the 
connections 22 and 23 to the middle and outer tubes 15 and 16 respectively. Current 
flows from the outer tube 1 6 through the saline to the middle tube 1 5, heating the saline 
m regmn 25, and hence heating tissue at the surgical site, thereby causing it to become 
coagulated. 



25 



Sunultaneously with the supply of the radio frequency signal, or alternatively 
30 Mowing a short predetermined delay, the controUer/generator 1 activates the motor 5 
in order to rotate the inner tube 14 and hence the cutting element 4. The rotation of the 
cutting element 4 causes coagulated tissue at the surgical site to be cut into small 



WO 03/024339 PCT/GB02/04273 

8 

pieces. The small pieces of tissue, together with saline fed from the channel 19, are 
removed from the surgical site through the lumen 21 by the source of suction 12. It is a 
recognised problem with this type of instrument that pieces of cut tissue can cause the 
lumen 21 to become blocked. This problem is minimised by the present instrument, 
5 which pre-coagulates the tissue, causing the size of the cut tissue particles to be smaller 
than when cutting uncoagulated tissue. The smaller sized pieces of tissue are, therefore, 
more easily accommodated by the lumen 21, and conducted away from the surgical site 
with less chance of the lumen becoming blocked. 



10 Figure 3a shows the tissue pieces extracted from the instrument of Figure 2 

when pre-coagulation was not employed. The cutting blade, which was a 4 mm outside 
diameter Smith & Nephew irrigating blade incisor (Serial No 7032-6850), was rotated 
at 1400 r.p.m. using a Turbo 7000 controller. Saline was fed to the tip of the shaver at a 
flow rate of 18 ml/minute, and suction was applied to the central lumen to a level of 4.5 

15 inches Hg. The shaver was used to remove approximately lg of tissue from a fresh 
pig's liver, and the tissue is shown in Figure 3a against a grid having a 5 mm grid side 
dimension. As can be seen from the photograph, tissue particles of varying sizes were 
produced, some having a dimension of up to 8 mm. A significant proportion of the 
particles have at least one dimension over 5 mm. 

20 

In contrast, the same instrument was used on the same pig's liver and under the 
same conditions except for the addition of radio frequency energy to the electrodes of 
the instrument. The signal was a nominal 350 kHz radio frequency signal from a Gyrus 
Medical PK1 urology generator, operated at a 35 watt setting in coagulation mode. The 

25 instrument was used to remove tissue, with the RF signal and rotational drive applied 
substantially simultaneously. The resulting tissue particles are shown in Figure 3b, 
again on a 5 mm grid. As can be clearly seen from Figures, 3a and 3b the particle size 
of the pre-coagulated tissue is significantly smaller, with most of the particles being 
under 3 mm. The largest particles are less than 4 mm, with veiy few being over 3 mm. 

30 Thus the particles of Figure 3b will be more easily extracted from the surgical site, with 
less likelihood of them blocking the suction lumen of the instrument. 
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H. insttumcut of Figure 4 is similar „ „ ways to that of Figu* 2 , «, 

» " *-«- "» ■» — — lb devi« -as to h „ U o w 
cyhndrtca, btos „ an, , 3; but, iusfcad ofa « »to I6 , to bstrilment of ^ 4 

pn.be 3. TOe tuuer tube 14 is coated on its external surtoo with au iusuMug coatb* 

»f *e «. 4 as tt is rotefcd by to moto, „ «, ^ ^ ^ 
J ad to to nme, nto ,4 as I, ^ such to, it becomes to e,eZde of 
to eieewgiea, device. He oufc, «. I5 ^ . ^ ^ 
connected „ to Cecu^ea, gmHator , by neans rf ■ 
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^ Wore ' to ^»^<ty signal suppiiedto fte saline a, to distaieud of 
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- — -i-NT small pieces o,^ oeing pmuucrf by fc 
eutbng action of to mechanical cuttbg element 4. 

20 ^^^"^veamngementmwhichtobrushcontMMis 
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to radto agency si gu„ as i, emerge* fa, to channel 30 a, to dialal end of to 

30 t^^^^-^^^^pamclesofdssoe 
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WO 03/024339 PCT/GB02/04273 

10 

Figure 6 shows another embodiment in which a heating means 36, which may 
be a resistive or inductive heating element rather than a radio frequency signal, is used 
to heat the fluid emerging from the channel 30. In this embodiment, the requirement 
for electrical contacts on the tubes 14 and 15 is obviated, as there is no radio frequency 
5 signal applied thereto. This also means that the fluid in the channel 30 does not 
necessarily need to be a conductive fluid such as saline, and indeed can conceivably be 
sterile deionised water. The fluid emerging from the channel 30 at the distal end of the 
instrument can, therefore, be a hot liquid, or even a gas such as steam. In whichever 
event, the heated fluid coagulates the tissue simultaneously or prior to mechanical 
10 cutting by the cutting element 4, thereby producing smaller tissue particles to be 
evacuated from the surgical site through the central lumen 21 . 

The invention has been described with reference to a rotary shaver, but it will 
be appreciated by those skilled in the art that the invention can equally be employed 
15 with other surgical cutting devices, such as burrs, drills etc. Indeed, the cutting device 
need not necessarily be mechanical, and other cutting techniques such as laser, 
ultrasound or purely radio frequency cutting may be employed as desired. The 
appreciation that the pre-coagulation of the tissue leads to smaller particle sizes can be 
an advantage whatever cutting technique is employed. 

20 
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An electrosurgical system comprising; 

a snrgtad «« taking . neclMical c|fflhg ^ ^ 
a. a toga ate into rel a<ive,y amail p iac«, drive means for te 

device from the target site; 
characterised in that there is also provided: 

a) fluid supply means for supplying a fluid to the target site 

b) a heating device capable of heating the fluid so as to coagulate tissue at 
the target site, 

15 pnor to being cut by the cutting device. 

2. An electrosurgical system comprising; 

a surgical instrument including a mechanical cutting device capable of cutting 
-sue at a target site into relatively small pie.es, drive means for the cutting device 

device from the target site; 8 
characterised in that there is also provided: 

a) fluid supply means for supplying a conductive fluid to the target site 

b) an electrosurgical device capable of heating the conductive fluid so'asto 
25 coagulate tissue at the target site, 

a) ^^»8 means for p^vidtag. Ugh 4equencyvoltagetothe 
electrosurgical device; 

arrange™, Wg such „,„ fc ^ ^ 

-eaaa ^nltoneousiy wid, fc ^ meaffi ^ ^ ^ ^ fc 

^ed by » fluid beared by fc anergic* device prior to being cn< by 
cuttmg device. J 
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3. An electrosurgical system according to claim 2, characterised in that the cutting 
device is arotatable cutting element 

4. An electrosurgical system according to claim 3, characterised in that the cutting 
5 element is mounted on a hollow elongate cylindrical member. 

5. An electrosurgical system according to claim 4, characterised in that the 
hollow cylindrical member acts as a lumen for the suction means. 

10 6. An electrosurgical system according to claim 4 or claim 5, characterised in that 
the hollow cylindrical member is housed for rotation within a second hollow cylindrical 
member. 

7. An electrosurgical system according to claim 6, characterised in that the 
15 hollow cylindrical member and the second hollow cylindrical member define a lumen 

therebetween for the fluid supply means. 

8. An electrosurgical system according to claim 7, characterised in that the 
electrosurgical device is a bipolar electrosurgical device including at least one active 

20 electrode, at least one return electrode and an insulator for spacing and insulating the or 
each return electrode with respect to the or each active electrode. 

9. An electrosurgical system according to claim 8, characterised in that the 
hollow cylindrical member constitutes the at least one active electrode, and the second 

25 hollow cylindrical member constitutes the at least one return electrode. 

10. An electrosurgical system according to claim 9, characterised in that at least 
one cylindrical member is provided with an electrically-insulating coating in order to 
act as the insulator between the active and return electrodes. 
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11. An electrosurgical system according to claim 10, characterised in that there is 
provided at least one electrical contact in the form of a commutator brush contact, for 
supplying electrosurgical signals to the hollow cylindrical member as it is being rotated. 

12 An electrosurgical system according to claim 10, characterised in that there is 
provided at least one eleetrical contact in the form of a fluid contact, adapted to supply 
electrosurgical signals directly to the electrically-conductive fluid. 

10 13. An electrosurgieal system according to claim 6, wherein there is provided a 
thnd elongate cylindrical member, the second and third cylindrical members defining a 
lumen therebetween for the fluid supply means. 



14. An eleetrosurgical system according to claim 13, characterised in that the 
15 electrosurgical device is a bipolar eleetrosurgical device including at least one active 
electrode, at least one return electrode and an insulator for spacing and insulating the or 
each return electrode with respect to the or each active electrode. 



15. An electrosurgical system according to claim 14, characterised in that the third 
20 cyhndrical member comprises the at least one active electrode, and the first or second 
cyhndncal member comprises the at least one return electrode of the electrosurgical 
device. 



16. An electrosurgical system according to claim 15, characterised in that the 
25 second cylindrical member is provided with an electrically-insulating coating in order 
to act as the insulator between the active and return electrodes. 
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